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Data from the Sea..., the U.S. Navy's AN/WSQ-6 (Series)
Drifting Buoy Program

H.D. Selsor

Naval Research Laboratory, Stennis Space Center

Abstract - A prime objective of Naval Oceanography is to get and measures AT, SST, and BP. Data are sampled hourly
data, "From the sea. . .," and quickly into the hands of the and transmitted via the NOAA polar orbiting satellites via
Fleet operators whose safety, sensors, and systems are influ- Service ARGOS formats. The CMOD was tested and
enced by it. Changing world politics and economics will modified to allow it to he deployed by Navy P-3 Orion
undoubtedly reduce the number of maritime observations in
the future with increasing reliance being made on automated rcft.eSenso evauon and testin ued inefurtherrefinements to the buoy's samln ehiu n ieadto
reporting systems. The Oceanographer of the Navy has been
investigating methods to reduce reliance on single profile of a 100-m prototype thermistor string on 60 buoys. This

expendables and ship observations by development of a series design effort projected that it would be feasible to use a
of satellite reporting expendable drifting buoys. These buoys very thin wire, free flooding cable with potted thernistors
will be capable of measuring air temperature, sea surface for long term (90 day) ocean thermal structure measurements
temperature, barometric pressure, subsurface ocean using expendable technology. Htowever, the thermistor string
temperature with depth, ambient noise, wind speed, wind reliability proved to be poor due to salt water leakage into
direction, and directional wave spectra. These developmen- the thermistors, a problem still prevalent in thermistor strings
tal buoys have been designated by the Navy as the ANIWSQ-6 with much laroer diameters and better water permeability
(series) drifting buoys. This paper updates some of the Navy's
recent testing of these buoys and provides insight into the protection. Improved manufacturing techniques for this

engineering challenges ahead for additional sensor development, cable design have been identified, and subsequent testing
of a 100-in TZ buoy showed no thermistor failures over a

INTRODUCTION 102-day life span in an open-ocean test. This design
experience has led to other improvements that will be

In January 1991, the U.S. Navy endorsed an Operational discussed further.
Requirement (OR) for development of a series of A-sized An analysis of daily environmental observation source
sonobuoy style, satellite reporting, long life (90 day), mini statistics at the Fleet Numerical Oceanography Center show
drifting data buoys (MDDBs). The specifications call for that the number of drifting buoy observations over the ocean
development of three variations of the buoy that will have (1200/day) is approaching the number of rawinsonde
the capability to measure and report various near surface observations (RAOBS) (1600/day) available over land.
meteorological and oceanographic environmental parameters. However, there is still three times more ocean area than
These include measurements such as air temperature (AT), land that needs observation coverage. Satellite SSTs
sea surface temperature (SST), barometric pressure (120,000) and soundings (22,300) account for moore than
(13P), directional wind speed (WS/WD), omnnidirectional half of the 237,000 observations received daily. Most of
ambient noise (AN), and subsurface temperature with depth the satellite-derived measurements are area estimates. Data
(TZ) at various intervals (lown to 600 m. These three from drifting buoys, ships and bathythermograph (BT)
buoy configurations and specifications are summarized in observations provide the "sea truth' data for most remotely

Table 1. sensed oceanic parameters. If ship and BT reports decrease

as projccted, a growing reliance will be made on automated

BIACK(;ROtUND) reporting such as buoys.

The Oceanographer of the Navy tasked the Naval Research
Laboralory's (NRL's) Tactical Oceanographic Warfare
Support (TOWS) Program Office Io manage developnment I)I.tIt.Ot'NlrAt. t'RO(;A

of these buoys to meet specifications. The TOWS programi In response to the OR for the buoys, the TOWS program

previously evaluated a Canadian manufactured buoy called initiated a cost-shared development program with the

a Compact Meteorological and Oceanographic Drifter government of Canada under the auspices of a i Qt0

(CMOI)). The CMOI) conies in a sonobuoy style package U.S./Canadian l)cfcnse Decelopmcnt Sharing Agreemecrnt

II- 7 28 O-7803-1.85-2/93YS 3, W 9.1 IITr
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TABLE I
OPERATIONAL REQUIREMENT SPEICIFICATIONS FOR MIINI D)RIFITING D)ATA 131JOY

TYPE SENSOR RANGE ACCURACY

Meteorological Barometric Pressure 50) ito 1054 mb +/- 1.0 mb
Air Temperature -30 to +461C +/- 0 21C
Sea Surface Temperature -5 to +351C +/- 0.20C
Wind Speed 0 to 63 rn/s +/- 1.0 m/-,
Wind Direction 0 to 3(07T +./- 15'T

SMALLOW T7-MET Met package as above
TZ Tail to 300 m Logarithmic spacing
Ten Thermistors -5 to +35'C +/ - 0.2"C
Pressure Sensor 0 to 330 dh +!- 3 dh
Omni- fydrophone (100 mn) 5 liI to 5 kliz +/- I dB

DEEP 17 (600 m) Sea Surface Temperature -5 to +35"C +-0 2"C
T 7 Tail to 600 m Logarithmic spacing
Fifteen Thermistors -5 ito +35"C 1)2C
Pressure Sensor 0 to 660 dlb +-3 dh

Omni - lydrophone 5 II;. to 5 k~lz +-I alt

TABLE 11 DRt117 CHIIARACTER ISTICS
BUOY CONFIGURATIONS AND CORRESPONDING

NAVY D)ESIGNATION The Navy is commtntted to using expendable drifting

buoys arid routinely deploN s themn worldwxide as part of the
BUOY U.S. NAV'Y Naval Oceanography Comimand's Integrated Drifting 13Loy

CONFIGURATION DESIGNATION program. These buoys have been used to "tag," certain
CMIOD AN/WSQ-6 (XAN-I) frontal and oceanographic features and at times provided

*CNIOD/ANS AN/WSQ-6 (XAN-2) the only available data for location and] movement of these
CNIOD/TL 300 m AN/WSQ-6 (XAN-3) features. Initial evaluations indicated the basic CMOD buov

*CNMOD/rT7IANS AN/WSQ-6 (XAN-4)
CNIOIWSID ANWSQ- (XA 5) design is sometimes \%imd-driven and does not act as a

* Lagrangian current follow~er. Subsequently, specially
Titte: Buoy. Satellite Transmitting configured drogued mini drifting data buoys have beeni

CombiWaterSrfcondrae& utilized to evaluate shallowk water/oil spill circulation tmodels

S - Special Types, and current drift trajectory predictions [ll. The National
4Q - Special or Combination of Purposes Oceanic and Atmospheric Administration (NOAA) has done

* XAN-# - Naval Air Warfare Center Indianapolis Prototype a comparison of a drogued mini drifting data buoy %ki~th

current following shapes and found no substantial difference
in its current following ability. A CMOD/ANS (drogued)

* ~buoy and a World Ocean Circulation L-xperimient (WO(.'l)
"standard" buoy s% cre air deployed Side by side in- June 93

This multiyear contract called for a phased dlevelopment of for further e -lttatiot
four additional sensors using the basic CMIOD package

* concept. Four buoy configurations were prtoptsed "~ Ith attC'ý'( SNO
* option for a fifth, These buoy configuiratioins ha, e been Ai) St IN()

given the designation as AN/WSQ-6 (series) buoys (.we Fig. I shows Ihe critfigurations of 11w ANAVSQ-6 series
Table 11). In eachi phase of Ihe development, the contractor btioys. The first IX .\N'-U i s sinoillar to the standard CM0 )l
is to build at least six prototype buoys for proof of conucept which has; been used operiat ital ly ftir three Nears. The
and in-house testing and then, upon demonstration of XAN-2 conignutration calls fom thec addilioni of an ambient
successful sensor performance capability, deliver 25 of each noise Sensor (AN S) hydrophone , located at 100) in. ointo a
prototype to the Navy for additional tesl ting. Prior It) Navy basic CNIOI btuoy The hydrophote senisor %% ill colIci.k
testing, "dummy buoys" of the samne suec, weight and center broadband, ottutidi reel ional ambient tioise al 16 fiequiencies
of gravity characteristics were air dleployed In ensure Ihe between 5 If/i and 25 kil1, itt one-1-third-octave band fillers
buoys met Navy air safety certification requtirettents. using a lime bandwkidth prOduL ot 01 t1t0. Dl~aa are sattupled
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ANIWSQ-6 (XAN-1) AN/WSQ.6 (XAN.2) AN/WSO-6 (XAN-3) AN/WSO-6 (XAN-4)

\BAROMETER PORT
AIR TEMPERATURE44

I SINGLE POST4
791c EECPCMAST 66 cmIc TELESCOPIC 42\c

FLOTATION 1
COLLAR

53 cm #/TEMPERATURE43cr Cmc 43mc

THERMISTOR TAIL30r
TYPICAL 10 AT

~ ~1 7.5, 17.5, 25, 32.5,/ ~50, 75, 100,150,
THERMISTOR TAIL 200, AND 300 mloom TYPICALl10AT

7.5, 17.5, 25, 32.5, PESSURE
50, 75, 100,150, frSENSOR

loom 200,AND300m 300 m

DROGUES

'\DROGUE CM D A PRESSURE

- -- HYDROPHONE
TERMI1NAL

CMOD MOD/T300 /WEIGHT CMOD/TzANS *
12.4 kg 12.7 kg 12.7 kg 13.6 kg

Fig 1. Mlint drifting (tila buoy coflfiguralilofl and n~omencltudLre

and updated hourly. The hydrophone assemnbly is suspended The Navy has I akeii deli very of the 25 A N/"SQ-6
in the center of the lower drogiie. The hydlrophone contain% X AN-2 protot vpe units and ''Nil 1. SlF.lX"' testing of this
an integral prearnplifier which is powered hy and] tramnsinuits configuration has been completed. Munch of thie testing is
signals over a two-wire link, withi the surface unit over the heing done tlmiouteh the Naval Air Warfare ('cuter (NAWC).
fre(tcquecy hand of 5 It, to 25 k~li.. Fig. 2 is a 30-day time Indianapolis, Indiana. Thiese incliude air safctý CLertifiCai-
scrics of 6 of the 16 fre(tcruecics fromn one of these bujoys lion, examination of I lamards; of lIlectromaguctic Radiation
which was deployed near leelandl in January 1992. Acouistic to O rdinance (I IlRO), survivability to shock and vibration
variability of 20 or more decibels can be seen on time extrinmcs, temnperalture and humidity extremecs. accVlerated
scalecs of less, than 12 hours. Windl- and weather related aging, hydroplione acoustic icsponsc, antenna becam pAttern
noise events fromt passing stormis have been correlaited, verification, vei ificaIion of the ARGO S communications
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tormt.l and open -ocean deploy ment, air deployment internial wkire leaIdS to add~ il liý trophone or other sensors to
eva!Luat ion including underwater video ot A~ater entry and thle cable. The cable Speli heiat ions ha1 e been) givenl to t ,o

iicploynment of buoys in operational scenarios. Test units independent 1ll tklfZCirCrS n clccironcai %Triflea-
eshown sensor ahility to mecet rii arly all thle specifications lion aind testing of the prototype: cable decsign ,Ipccificatit-Ans

Shthle exception of 90-day life oil subsurface sensors. have been Coniplted . NManufal.cttircr test'iuc Of thle ther-
P:cli binary analysis of avaiklable d.*ta indicates premature tuistor string pr toty pes "ill be compcletd by late 10)93

I~i tire (of the copper conductors :ord possible fatigue farilu re followed bsv Naxvy tests sinrtilar to lihe XAN-2.
v; Ilic suspe nsion systemn rubber compliance menmbers alter

ut two "ceks of constant wave action. The result is a ('01WHItNtt *t/J.\Ns ntiWM
Issof subsurface data or contam11ination Of thle aicoustic

kikt c Ill floiw induced and mechanical noise. A cable Thle X AN -4 prototype wkill c~inibine thle thet mislo r string
ni mprovement is being imple mented for testing, in and hydrophone onl One buoy. This conifien rationl ýx ill have

1I;1ire c~onfi eurations. a re(lcsignedl antenna and mast assembly, inc rcacd sensor
payload capacity and ifwriesirpitrat1 01' of a ll F commanLIFd

tttt~R~troR SIRtN~i acti~e receiver for buoy scuittling. I )e t prr'sent repiir~ ri
format1J limfitations.l; only I I freucjlC1Lies (\iCe 10 1-10or1 5 Ill.

I 'N-3 is equipped with a 30(1-m thermistor ('17) to 8 kIli will he itportedi inl addtition to thle mneteorological
IM thermistors at depths of 7.5, 17.5, 25, 32.5. am!] thermistor Ncntisr dataI. I'akailni cisijstraints de tilo

S1iiI 5o,. 200, and 300( in. These thermistor depthis avil\Aiblle cable diarilCter aid space avflilc a rwr lit thle
;it, ti Nd standard Opt imiumr Thermnal I nterpilar- aCtUall lenrett) Oif te1C C~ibLe to onl 200 Ill 11 suibsitilaLce

it ) I l>lodel (lepths and svll be used ito sea scru'~o luiruecs lvk Carr rcluabl' eceed"C 601 da s, this buOý
'Iiiipit.Aprvssure senisor wIll allow correctoion '.kill plo~cist) i be .1 tremeitonlols rl1Iiuiulti;lmauiteCu' d11;1t O ICatheri

tepih illfrcutwes. Fxluerit-rce with) tire 100-nM instriunuerut. It canl he uscd fi iki tlli ti11e series coitreklted
Z 1 ,t~ pe iuuiiCaIted thatl tile mo1st no0table failUre data fojr aI variet ofý retot sesn ap-plications. "11wi first

h0Tvlr 10 st'awater aridl potenrtial copper proutotype libut~ of this coitl -IgIf ati ,ill was depIlloed in Ilrh
* ~\ il gre.A newV tori~pre-baInced cable 'iA;s harbor iii Jul' 93 aridI aill bo'il Senlsos tAcre ticl~iomiw!t

I i. i mucirptritd te hemiritor 'in line'' %%-ith an propvrlý at the, lime this p;aptr \( as stilibIuit'd.
*IA iii h eti umpanirc p1> nintr (p)Olsuretlmanre
lie tltwri m ,tiis n attaclur icrit f l \Ai s ate 'r-bl rck in ,:V IS N D) S iH 01)t R ( IO(N ' St N su t

'j a imtitjiie pilymt toe liiriitl bumntuing
'1ifie desiý1 1r speciticatmonis allrs fill A CHiCriti1i NCIIsuu needed1 for tOW luiiisý i' A s irtld speeLI

11t1htlr Coiii qmrrtA ions'b tilit-r aldulitini ofl I\ko 0 mu lt'ti 1 clo.Iht ,\ N ý' \\ ll 11),l p. )Ii it a protoit\pe
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se nsor for this application. This sensor development is may not be universal 141. Further research fin thiis area is
viewved as thle most technically challenging. Sinall mechanical needed. NOAA is currently investigating acoustic techniques
anemlomecter cup and -,anie type devices have been added to for classification and quantification of precipitation. Although
larger buoy's where power and space were adequate. None promising. this technique is not proven enough for expendable
of these deviccs lend themselves to the miniaturization and buoy applications. A (lennan company is presently designing
reliability required for small expendable buoy's. Thle wind a wind( SpeedI Sensor using, a dlifferential ,,train gauge technique
sensor for this buov should have no moving part7S, lend that thesý haeC sulccessfuliv lenont ated1SIOCI This technique

itefto epnaleosm -power tehooyand( - e aCrate appears to lend itself to thle miniaturization and powver
enotigh to act as a -bell ringer"' for gale and storm foi-ce requirements of ant expendable sensor. A phase I designi

Winds and portray wind shifts associated with Passage of effort and bread board sensor development effort wkas initiated

synoptic scale weather features. Many nonimechanical in January 1993. If successful it "~ill be integrated onto an
techniques have been investigated. One of these is thle AN/WSQ-6 prototypec buoy and tested inl 1994 with funding

Wind Observation Through A mbient Noise (W( )TrA N) obtai nedl through thle O ffice of Naval Research.

technique wkhere correlation has been shmowni to exist betw eenl
wkind speed and estimates obtained by evaluation of ambient W11 t0
noise at selected frequencies 131. Researchers at thle Naval W~~tO

Postgradulate School have% ins est1igatd theCse techniques Mand A develonpmenit to add directional wkave spcctrai capabilities
assisted in the evaluation of thle mini drifting- data bun~s vto a CMOID-stl Ic bunsý%kl IkOs alsoiitiMted this year. A th1ree
A modified woTrAN tchnique sC kas aplielld tiiaousi axis accelecrometer and mu nolaglctcnet technique \k ill be
(alat from one of thle ambient noise driftiiig bosdeplo~ ed used to extrac:t directionlal %kase spectra Ifuoil) buoy lmucions.

near Bermuda in 199)2 and coimpared to lcfclu'c B'o/~aeresponse function correctionmvs and enicodile (it

Mleteorological Satellite Proe~rarn ( lMISP) derised Special s\ ave proceessillg results for transmiission by A RG S %k ill
Scanning Microwkave Imag-iiig ( SS.NI/l) wkind speedL estimateCs be required. TFceuipiqiis iujlrto thosec Used oii lafget
over the area, thle results are Jlimk n in Fig. 3. Although the buoy s mintinained bs thle National I);ita Buoyv euVler can be
correlation in this case w~as excellent, other dtai fin differenit utilihied to) loc(k at tho hiigh-frequenicy componen t if te
water masses from the Pacific indicate that thle algorithuu wkave spectruim for estlimuaticn oit \kind speed aiid

20
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direction 151. This design prototype will require an integrated for Fleet sonobuoy procurement have agreemnents in place
processor capability and additional power for processing. to transition this buoy prograin to full operational status.
As more sensors are added, powcr budgets and data sampling N'ultiparamneier. long-life, expendable instrumentation
strategy will have to be revised or the buoys will have such as the AN/WSQ-6 buoys are a vital key to the
much shorter life spans. Moored or drifting versions of success of the U.S. Navy's contribution to a global ocean
this buoy will he used to support the Navy's new initiatives observing system.
to support shallow-water conflict scenarios.
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